Direct Sequence Code Division Multiple Access (DS-CDMA) techniques have received a great deal of attention for current and future communication systems, One of the major considerations in implementing a DS-CDMA system is the necessity for accurate power control to ensure adequate quality-of-service and capacity. This paper investigates the measurement error of an open-loop power control algorithm under transmit power limitation. The power control error is analysed and numerically computed.
I. Introduction
As well known, a DS/CDMA system is susceptible to near-far interjkence, which occurs when the base station input includes one or more other CDMA signals that are stronger than the desired signal. The near-far effect can be reduced by adjusting the transmitted power of all mobile users so that the base station gets the same power from the received signal of each transmission. Two types of power control are often considered: closed-loop power control and open-loop power control. In a closed-loop power control, according to the received signal power at a base station, the base station sends a command to a mobile to adjust the transmit power of the mobile. However, in an open-loop power control, a mobile user adjusts its transmit power according to its received power in downlink. In this paper, an adaptive open-loop power control algorithm [1] is adopted. The algorithm produces an estimate of the received power at the mobile by averaging squared outputs of the correlator.
The open-loop power control error usually results from the factors such as the accuracy of power measurement at a mobile, the dynamic ranges of the transmit power of mobiles and the loop delay. However, in [1] , only measurement error is concentrated. As we know, for an adaptive algorithm, a larger dynamic range is required for getting a good performance. In this paper, the impact of dynamic range on open-loop power control error is investigated.
The paper is organized as follows. The downlink system model is given in Section 11. In section ID, the open-loop power control error with upper bound transmit power limitation is studied.
Numerical results are given in Section N.
Conclusions will be given in the last section.
11. System Model Neglecting the white noise on the downlink, the waveforms received by each mobile is composed of the desired signal, a number of interfering signals from the base station of the cell of interest and the adjacent-cell base stations.
Assuming that all spreading codes of each cell are orthogonal and that the downlink transmissions of a cell are synchronized, the intracell interference can be ignored because of the same transmission delay. However, the interfering signals from adjacent-cell base stations cannot be assumed to be synchronized with the desired signal because of different transmission delays. This interference becomes significant when a mobile moves towards the boundary of its cell.
In order to study the downlink adjacent-cell interference, two layers of cells are considered (see In this algorithm, the received signal power at the mobile is estimated by averaging the output square of a correlator. The estimate at time LT is given by averaging the square of (6).
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The mobile transmitter uses this estimate to adjust its transmit power, which is inversely proportional to the estimated power, i.e. P, = 
where C i s a weighted constant.
According to the above power control scheme, the transmitted power in a CDMA system can be adjusted to any desired value. However, in practice, the transmitter power is limited with an upper bound. If is the maximum transmitted power, the transmitted power is revised to
P, =min(ll(C.i2(L)), em,=). (14)
Neglecting the loop delay, the desired signal component after despreading at the base station at the time LT , is given by
and b:, (1) mean the Rayleigh fading, lognormal distributed shadowing and data bit, respectively, in the uplink. Notice that the shadowing terms on both up and down links are the same, but the fading terms on the two links are different. P,, is the power control error, defined as P, , = Jmin(l/(c. i 2 (L)), P,,, ) r l ;~e 2 < ' (~)
(16)
When there is no upper bound transmit power limitation, it is assumed the received power control error has a log-normal distribution, i.e. We defined the mean and standard derivation of e y as the mean and standard derivation of power control error under the case there is no upper hound transmit power limitation. They are given by and
(24) opv = e 20: -e":
Because e y is log-normal distributed, from [SI, the pdf of eZY is given by 07803-5435-4/99l$10.wO 1999 IEEE P,,, /PR = 2dB. It is shown from the figure that the mean of the power control error will decrease with the decrease of ern,=. This will let the received signal level lower than the desired level and reduce the system capacity. The figure is also shown that the affects from transmit power limitation are not same for differently distributed mobile users. When a user near the base station, its transmit power to the base station is small and the affect from the power limitation can be neglected. In this case, the power control error is just from the measurement error. It is got from (18) and (23). Fig. 3 shows the standard derivation of powercontrol-error as a function of r l l / R for different p,_/PR . It is shown that the standard derivation undergoes the same changing characteristic as that of the mean. However, we can't say the performance of the system will be improved because of the decrease of standard derivation with the decrease of &t,x. This is because the mean is also decreased at the same time. In this case the decrease of the standard derivation will deteriorate the system performance more. Fig. 4 shows the worst case system BER with the variation of e,,,=. It is shown from the figure that when P,,,_/PR <10dB, the BER will be affected significantly.
V. Conclusions
The impact of dynamic range to the open-loop power control error has been studied. From our assumed model, the following conclusions have been drawn:
(1) The exist of upper bound transmit power will reduce the mean and standard derivation of power control error. When a user near the base station, this affect will be insignificant. 
IV. Numerical Results
The numerical results are shown in the following. Unless noted otherwise, the following parameters are assumed: the active users of one cell K = 20 , the standard derivation of shadowing =8dB, the path loss exponent y = 4 , the information data rate 1OKb/s, the speed of a mobile user v = 100km/h, the carrier frequency f,, = 2GHz (Dopplor frequency shift f, = v / L = 185Hz ), the period for power estimation L = 60 (or 60 bits), and the shadowing correlation distance D = 45m. 
